and to draw up the Report upon them when they fhouldbe finifhed.
• ( \ ' Though various indications of the ftrength of fpirituous li quors have been devifed, applicable in a grofs manner to general ufe, it is well known that no method admits of real accuracy but that o f the fpecific gravity. T h e weights of an equal bulk of water and pure fpint differ from one another by at leaft a iixth part of the weight of the former; whence it is obvious, that, when thofe two fluids are mixed together, the compound m ull have fome intermediate fpecific gravity, approaching nearer to that of water or pure fpirit, as the former or the latter is the V ol.L X X X . U u ' ' ' D r .Blagden's Report more predominant ingredient. Were it not for a certaineffect attending the mixture of water and fpirits, which has been called their mutual penetration, the fpecific gravity of thefe compofitions, in a given degree of heat, would be Amply in the arithmetical proportion of the quantity of each of the fluids entering: into them. But whenever different fubftances, which have a ftrong tendency to unite together, are mixed, the refulting compound is found to occupy lefs fpace than the fubjftances forming it held in their feparate ftate; wherefore the fpecific gravity of fuch compounds is always greater than would be given by a Ample caculation from the volume of their inft gradients* Though it be a general that fuch a decreafe o f bulk takes place on the mixture of fubftances which have' a chemical attraction for each other, yet the quantity of this diminution is different in them all, and, under our prefent iguorance of the intimate compoAtion of bodies, can be deter mined by experiment only. T o afcertain, therefore, the quan tity and law of the condenfation refulting from this mutual penetration of water and fpirit, was the Arft objeCt to which the following experiments were directed.
All bodies, in general, expand by h e a t; but the quantity of ' | | this expan Aon, as well as the law of its progrefflon, are pro bably not the fame in any two fubftances. In water and fpirit they are remarkably different. T he whole expan Aon of pure fpirit from 30° to ioo° of F a h r en h eit's thermometer, is not lefs than Tx Tth of its whole bulk at 3 0°; whereas that of water, in the fame interval, is only T^Tth of its bulk. T h e laws of their expanflon are ftill more different than the quanti ties. If the expanflon of quickfilver be, as ufual, taken for the ftandard (our thermometers being conftruCted with that fluid), the expanAon of fpirit is, indeed, progreffively increaf- ing with refpe& to that ftandard, but not much lb within the above-mentioned interval ; whilft water kept from freezing to so0, which may eafily be done, will abfolutely-contract as it is heated for ten or mote degrees, that is, to 40° or 420 of the thermometer* and will then begin to expand as its heat is augmented, at firft (lowly, and afterwards gradually more ra pidly, fo as to obferve upon the whole a very increafing pro* greffion* Now, mixtures of thefe two fubftances will, as may be fuppofed, approach to the lefs or the greater of thofe progreffions, according as they are compounded of more fpirit or more water, whilft their total expaniion will be greater* according as more fpirit enters into their compofttion ; but the exaft quantity of the expanfion, as well as law of the progtieftion, in all of them, Can be determined only by trials. Thefe were, therefore, the two other principal objects to be afcertained by experiment. T he firft ftep towards a right performance of the experi ments was to procure the two fubftances with which they were to be made as pure as poffible. Diftilled water is in ail cafes fo nearly alike, that no difficulty occurred with regard to it;< but the fpeeific gravity of pure fpirit, or alcohol, has been, given ,fo very differently by the authors who have treated of ity that a particular fet of experiments appeared neceffary for de termining. to what degree of ftrength rectified fpirits could conveniently be brought. T he perfon engaged to make thefe experiments was D n D oLlfuss, an ingenious Swifs gentle man then in London, who had diftinguiftied himfelf by feveral publications on chemical fiibje&s. Dr. D ollfuss, having been furniffied by Government with fpirit for the purpofe, re&ified it by repeated and flow diftillations till its fpecific gravity became ftationary in this manner of operating: he then U u a added 324 D r. Blagden's Report added dry cauftic alkali to it, let it ftahd fora few days, poured ;] off the liquor, and (Milled it with a fmall addition of burnt | alum, placing the receiver in ice. By this method be ob-| tained a fpirit whofe fpecific gravity Was ,8188 at 6o° of heat, j Perceiving, however, that he could not conveniently get the , quantity of fpirit he wanted lighter than ,82527 at 6o°, he j fixed upon that ftrength as a ftandard, to which he found the 1 above-mentioned lighter fpirit could be reduced by adding to \ it a T*4"crth part of water; and with this fpirit and diftilled ; water he made a feries of experiments for determining the ; fpecific gravity of different mixtures of thefe fluids in different j degrees of heat.
T he procefs followed by Dr. D oll fuss is not here given as i the beft poflible for obtaining pure fpirit; nor was the refult of 1 it, in fa<ft, the lighteft alcohol that has been procured. Some | fpirit has been tried fince that time, whofe fpecific gravity was ,813 at ,6o°. This was furnifhed by Dr. G eorge F ordyce, F . R. S. who fucceeded in bringing it to that ftrength chiefly by adding the alkali very hot. Care muff be taken that none o f the cauftic alkali comes over in the diftillation. Some alco hol was alfo fent, for trial, by Mr. L e w is, an eminent cliftiller in Holborn, whofe fpecific gravity, at the fame tempera ture, was ,814.
It was with fpirit rectified from malt-fpirits that Dr. D oi.lfuss's feries of experiments was made; but he tried feveral comparative experiments with fuch as had been reaified from rum and brandy, and found no other difference than might fairly be afcribed to unavoidable errors. fore, always taken-by weight. A phial being provided of fuch a fize as that it fhould be nearly full with the mixture, was made perfe&ly clean and dry, and being counterpoiied, as much o f the pure fpirit as appeared neceffary Was poured into it. T he weight of this fpirit was then afcertained, and the weight of diftilled water, required to make a mixture of the intended proportions, was calculated. This quantity of water was then added, with all the neceffary care, the laft portions being put in by means of a well known inftrument, which is compofed of a fmall difh terminating in a tube drawn to a fine p o in t: the top of the difh being covered with the thumb, the liquor in it is prevented from running out through the tube by the preffure of the atmofphere, but inftantly begins to iffue by drops, or a very fmall ftream, upon raffing the thumb* W afer being thus introduced into the phial, till it exactly counterpoifed the weight, which, having been previoufly computed, was put into the oppofite fcale, the phial was fhaken, and then well flopped with its glafs ftopple, over which leather was tied very tight, to prevent evaporation. No mixture was ufed till it had re mained in the phial at leaf! a month, for the full penetration to have taken place 5 and it was always well fhaken before it was poured out to have its fpecific gravity tried* 2. There are two common methods of taking the fpecific gravity of fluids; one by finding the weight which a folid body lofes by being immerfed in them ; the other by filling a con* venient veffel with them, and afeertaining the tncreafe of weight it acquires* In both cafes a ftandard muft have been previoufly taken, which is ufually difiilled w ater; namely, in the firft method by finding the weight loft by the folid body in the water, and in the fecond method, the weight of the veffel | veffef filled with water. T he latter was preferred for the following reafons.
W hen a ball of glafs, which is the propereft kind of folid body, is weighed in any fpirituous or watery fluid, the adhefio» of the fluid occafions fome inaccuracy, and renders the balance comparatively fluggilh. T o what degree this effed proceeds is uncertain; but from fome experiments made by
Mr. G il p in , with that view, it appears to be very fenfible. Moreover, in this method a large furface muft be expofed to the .air during the operation of weighing, which, efpecially in the higher temperatures, would give occafion to fuch an eva poration as to alter effentially the ftrength of the mixture. It feemed alfo, as if the*-temperature of the fluid under trial could be determined more exa&ly in the method of filling a veflel, than in the o th er: for the fluid cannot well be ftirred while the ball to be weighed remains irnmerfed in it; and as fome time muft neceffarily be fpent in the weighing, the change of heat which takes place during that period will be unequal through the mafs, and may occafion a fenfible error. Jt is true, on the other hand, that, in the method of filling a veffel, the temperature could not be afcertained with the utmoft precifion, becaufe the neck of the vefleL employed, containing about ten grains, was filled up to the mark with fpirit not exa&ly of the fame temperature,, as will be explained prefently; but this error, it is fuppofed; would by no means equal the other, and the utmoft quantity of it may be eftimated very nearly. Finally, it was much eafier to bring the fluid to any given temperature when it was in a veflel to be weighed, than* when it was to have a folid body weighed in it; becaufe in the former cafe the quantity was fmaller, and the veffel contain ing;
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ing it more manageable, being readily heated with the hand or warm water, and cooled with cold w ater: and the very circumftance, that fo much of the fluid was not required, proved a material convenience. T he particular difadvantage in the method of weighing in a veflel, is the difficulty o f filling it with extreme accuracy ; but when the veflel is judicioufly and neatly marked, the error of filling will, with due care, be exceedingly minute. By feveral repetitions of the fame ex periments* Mr. Gilpin Teemed to bring it within the ^i^t h | part of the wholev weight. T he veflel chofen as moft Convenient for the purpofe was a hollow glafs ball, terminating in a neck of a fmall bore. T h at which Dr. D ollfuss ufed held 5800 grains of diftilled water; but, as our balance w asfo extremely accurate, it was thought expedient, upon Mr. G il p in 's repetition of the experiments, to ufe one of only 2965 grains capacity, as admitting the heat of any fluid contained in it to be more nicely determined. T h e ball of this veflfel, which may be called the weigh ing* bottle, meafured about 2,8 inches in diameter, and was fpherical, except a flight flattening on the part oppofite to the neck, which ferved as a bottom for it to ftand upon. Its neck was formed of a portion of a barometer tube, ,25 of an inch in bore, and about 11 inch long; it was perfe&ly cylindrical, and on its outfide, very near the middle of its length, a fine circle or ring was cut I round it with a diamond, as the mark to which it was to be filled 1 on Spirituous 32f illed with the liquor. T his mark* was made by fixing the bottle in a lathe, and turning it round with great care, dn contact w ith the diamond. T he glafs of this bottle was not very thick; it weighed 916 grains, and, with its filver cap,
936*
W hen the fpecific gravity of any liquor was to be taken by means of this bottle, the liquor was firft brought nearly to the required temperature, and then the bottle was filled w ith it up to the beginning of the neck only, that there might be room for fhaking it. A very fine and fenfible thermometer (to be more particularly defcribed hereafter) was then pafled through the neck of the bottle into the contained liquor, which (hewed whether it was above or below the intended temperature. I n the former cafe the bottle was brought into colder air, or even plunged for a moment in cold w ater; the thermometer in the mean time being frequently put into the contained liquor, till it was found to fink to the right point. In like manner w hen ? the liquor was too cold, the bottle was brought into warmer air, immerfed in warm water, or more commonly held be tween the hands, till upon repeated trials with the thermome ter the juft temperature was found. It will be underftood, that " during the courfe of this heating or cooling, the bottle was very frequently fhaken between each immerfion of the ther mometer; and the top of the neck was kept covered, either with the finger, or a filver cap made on purpofe, as conftantly , as poflible. Hot water was ufed to raife the temperature only in heats of 8o° and upwards, inferior heats being obtained by, applying the hands to the bottle; when the hot water was em ployed, the ball of the bottle was plunged intd it and again quickly lifted out, with the neceflary (haking interpofed, as
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often as was neceflary for communicating the required heat to the liquor; but care was taken to wipe the bottle dry after each immerfion, before it was ftiaken, left any adhering moifture might by accident get into i t The liquor having by thefe means been brought to the defired temperature, the next operation was to fill up the bottle exa&ly to the mark upon the neck, which was done with fomeof the fame liquor, by means of a glafs funnel with a very fmall bore. Mr. G il p in endea voured to get that portion of the liquor which was employed for this purpofe, pretty nearly to the temperature of the liquor contained in the bottle ;'b u t as the whole quantity to be added never exceeded ten grains, a difference of ten degrees in the heat of that fmall quantity, which is more than it ever amounted to, would have occafioned an error of only T^. of a degree in the temperature of the mafs. Enough of the liquor was put in ,'to fill the neck rather above the mark, and the fuperfluous quantity was then abforbed to great nicety, by bringing into contad with it the fine point of a fmall roll of blotting paper. As the furface of the liquor in the neck would be always concave, the bottom or centre of this concavity was the part made to coincide with the mark round the glafs • and m viewing it care was taken, that the near and oppofite fides of i the mark fhould appear exa&ly in the fame line, by which means all parallax was avoided. A filver cap, which fitted tight, was then put upon the neck, to prevent evaporation;
..and the whole apparatus was in that ftate laid in the fcale of the balance, to be weighed with all the exa&nefs poflible.
T he fpirit employed by Mr. G il p in was furnifhed to him ; by Dr. D ollfuss, under whofe infpe&ion it had been re&ified efrom rum fupplied by Government. Its fpecific gravity, at 60 7 degrees degrees of heat, was ,82514. It was firft weighed pure, in the above-mentioned bottle, at every five degrees of heat, from 20 to 100 inciufively. T hen mixtures were formed of it and diflilled water, in every proportion from of the water to equal parts of water and fp irit; the quantity of water added being fucceffively augmented, in the proportion of five grains to one hundred of the fpirit j and thefe mixtures weie alio weighed in the bottle, like the pure fpirit, at every 5 degrees of heat. T h e numbers hence refulting are delivered in the following table; where the firft column ftiews the degrees of h e a t; the fecond gives the weight of the pure fpirit contained in the bottle at thofe different degrees ; the third gives the weight of a mixture in the proportions of 100 parts by weight of that fpirit to 5 of water, and fo on fucceffively till the water and the {pint are in equal parts. T he bottle itfelf, with its cap, having been previoufly counterpoifed, thefe numbers are the weights of the liquor contained in it, in grains and hundredths of a grain. T hey are the mean of three feveral experiments at leaft, as Mr. G il p in always filled and weighed the bottle over again that number of times, if not oftener. T he heat was taken at the even degree, as (hewn by the thermometer, without any allowance in the firft inftance, becaufe the coincidence of the mercury with a divifion can be perceived more accurately than any fraSion can be eftimated; and the errors of the thermometers, if any, it was fuppoled would be lefs upon the grand divifions of 5 degrees, than in any others. It mu ft be obferved, that M r. G il p in ufed the fame mixture throughout all the different tempera tures, heating it up from 30° to io o°; hence fome fmall error X x 2 on Spirituous Liquors. There Df. Blagden's Report There would be two methods of computing the fpecific gra-1 vity, at the different temperatures, from thefe numbers; one, by taking the weight of the water, at the particular tempera ture in queftion, for the ftandard; and the other by fixing on one certain temperature of the water, for inftance 6o°, to be the flandard, with its bulk at which that of the fpirit at all dif ferent degrees fhall be compared. I have preferred the latter method, though not the moft ufual, becaufe it (hews, more readily and fimply, the progreffion obferved in the changes of j fpecific gravity, according to the heat and ftrength of the mixture. This method, however, rendered it necefiary to make an allowance for the contraction and expanfion of the bottle ufed for weighing the liquors, according to the deviation of their temperature from 6o°, either below or above. T o obtain this correction, the expanfion of hollow glafs was taken from General R oy's experiments in the LXXV th volume of the Philofophical TranfaCtions, as ,0000517 of an pich upon a foot for every degree of heat, whence its effed, in enlarging the capacity of a fphere, was computed, and the refulting cor rection added to the weight of the liquors in heats below 60% 1 and fubtraCted from it iti heats above. On the fame account a third column is given, in the preceding table, to fhew the fpe cific gravity of water at the different temperatures, its weight at 6o° being taken as the ftandard.
Another correction alfo became neceftary, on account of the part of the ftem o f the thermometer which was not immerfed I in the liquor, This inftrument, made by R amsden, had its ball ,22 of an inch in diameter, and its ftem 13 inches in length. From the ball to the commencement of the fcale 3,6 inches of the ftem were bare, and then the fcale began, which reached I reached from 15 to n o degrees. T h e part of it particularly made ufe of in thefe experiments, namely, from 30° to ioo°, meafured 6,82 inches. T he fcale was made of ivory, and car ried divifions to every fifth of a degree, the quarters of which could be readily eftimated; fo that the inftrument could be read off to twentieths o f degrees. W hen the thermometer was immerfed in the weighing-bottle, the liquor reached up nearly to what would have been o° upon its Item ; hence, as the heat of the room in which the experiments were made remained about 6o°, the corre&ion for the different heat of the quickfilver in the Item from that in the ball of the thermome ter was calculated according to M r. Cavendish's table, given in the L X V IIth volume of the Philofophical T ran faff ions. Thus--the real heat o f the fluid in the weighing-bottle being found, an allowance was made to reduce it to the exaft degree indicated on the fcale of the thermometer.
T h e precife fpecific gravity of the pure fpir'it employed was ,825141 but to avoid an inconvenient fraction it is taken, in conftrudting the ■,92568 ,9 2 3 6 2 ,9 2 1 6 1 ,9 1 9 5 0 >9 x74o ,9 1 5 2 8 ,9 1 3 1 6 .91100 ,9 0 8 8 0 ,9 0 6 6 0 >9 0 4 3 > ,9 0 2 0 9 ,8 9 9 8 8 >89763 >8 9 5 3 6 ,9 2 8 8 8 ,9 2 6 8 7 ,9 2 4 8 9 ,9 2 2 8 1 ,9 2 0 7 5 ,9 1 8 6 3 ,9 1 6 5 6 >9 I 4 4°> 9 I 2 2 5 , 9 i o°5 ,9 0 7 8 0 ,9 0 5 5 8 >90342 ,9 0 1 1 9 ,8 9 8 8 9 >9 3 I 9 I >9 2995 ,9 2 7 9 9 >92595 ,9 2 3 8 8 ,9 2 1 7 6 >9 I 9 7 I ,9 1 7 6 9 >9 2547 >9 I 3 26 >9 11 °3 ,9 0 8 8 2 ,9 0 6 6 8 >90443 >902!5 .9 3 4 8 3 '93281 ,9 3 0 8 6 ,9 2 8 8 7 ,9 2 6 8 1 ,9 2 4 7 2 ,9 2 2 6 4 >92055 >9 l 8 45 >9*625 ,9 1 4 0 4 ,9 1 1 8 6 ,9 0 9 6 7 >90747 ,9 0 5 2 2 >9 3 7 5 I >93553 >93353 >952 53 ,9 2 9 5 2 ,9 2 7 4 4 >92536 ,9 2 3 2 8 ,9 2121 >91909 ,9 2 6 8 3 >92465 ,9 1 2 4 8 >9 I0 2 9 ,9 0 8 0 5
•93996 >93796 ,9 3 6 0 2 >93407 ,9 3 2 0 2 >92997 ,9 2 7 9 2 >92584 >92377 ,9 2 1 6 4 >92943 ,9 1 7 2 9 >9 I 5 n ,9 * 2 9 0 ,9 1 0 6 6 ,9 4 2 2 5 ,9 4 0 2 7 >9 3 8 35 >93638 >93436 >93230 >9 3 0 25 ,9 2 8 1 6 ,9 2 6 0 8 >92397 ,9 2 1 7 9 ,9 2 9 6 9 >92752 >92532 1>9 2 3 10 From 1 on Spirituous Liquors* 337 Prom this table, when the fpecific gravity o f any fpirituous liquor is afcertained, it will be eafy to find the quantity of redified fpirit, of the above-mentioned ftandard, contained in any given quantity of it, either by weight or meafure. As common arith metic is competent to furnifh the rules for this purpofe, it would be fuperfluous -to give them here. All the obje&s of inquiry relative to this bufinefs (hould, I think, be reduced to T ables; the firft o f which might exhibit the fpecific gravities of different mixtures, from one to 100 parts of water, increafing by one, at every degree of heat from 4° to 80, being the utmoft limits of temperature that can be wanted in common pra&ice# T his table need only be calculated to three places of figures, which will always give the quantity of fpirit true within a fiftieth part of the whole, and in the moft ufual degrees of heat w ithin a hundredth; and to this number of figures the areo^ meter, or hydrometer, (hewing the fpecific gravities, could be Report taking the weight of a gallon of water at the lame heat to be 8 ft.,5,66 &c.
oz. *, the fpecific gravity of this diluted fpirit will be found ,9335 at 6 o°t5 whence, byf a computation founded on the tables in this Report, the fpecific gravity of proof fpirit will come out ,916. But the rulers of corre&ion belonging to P ic a s's and Q u in 's hydrometers give the fpecific gravity of proof fpints about ,922 at 35 * equivalent to ,920 at 6o°. T he former, ,916, correfponds to a mixture' of 100 parts of fpirit with 62 by meafure, or 75 by weight, of w ater; and the latter, *920, to a mixture of 100 parts of fpirit and 66 by meafure, or 80 by weight, of water* T he difference is con** fiderable; but the firft is undoubtedly moft conformable to the exifting A ds of Parliament. If, therefore, it be thought right to preferve the term proof-fpirit in our Excife Laws, it may be underftood to mean fpirit, whofe fpecific gravity is ,9^6, and which is compofed of 100 parts of re&ified fpirit at ,825, and 62 part? of water by meafure, or 75 by w eig h t; the whole at 60 degrees of heat. I have chofen this point of the thermometer, 6o°, in pre ference to J5°, becaufe it is much the moft fuitable for experi* meats, being the temperature at which a room feels pleafant, and in which any operation, however flow and tedious, can be executed without the uneafy fenfation of cold : for this reafon it has been adopted by many Englilh philofophers. In the table formerly recommended, from 40 to 80 degrees of the thermometer, it will be the middle temperature. Dr. BlAgden's Report T he fpecific gravity of ,825 having been fixed upon as the ; ftandard of rectified fpirit in our tables, Mr. G ilpin was de-j fired to afcertain by experiment what proportion of water ! would be neceflary, to reduce the lighted: alcohol in his poflef-] fion to that ftandard. This was fome alcohol, already men tioned, which Mr. L ew is had furnilhed; and its fpecific gra vity being ,814196 at 6o°, 3000 grains of it mixed with 135 grains of diftilled water formed a compound, whofe fpecific gravity was ,825153 ; that is, in round numbers, 100 grains of alcohol at ,814 with 4,5 grains of water, form our ftandard of fpirit at ,825.
Perhaps fome perfons may objedt to the preceding experi ments, on account of the fmall quantities mixed and weighed. Undoubtedly experiments on a large fcale have fome advan tages ; but thefe in general depend more on the coarfenefs of I tools, and clumfinefs of operators, than on the nature of the operations. If inftruments be exceedingly exadt, and the ex perimenter equal to the talk of ufing them properly, I believe the errors upon moderate quantities will be quite as fmall in proportion as upon large; and in this particular infiance, where the greateft fource of error lay in the determination of the heat, the fmaller quantities had in that refpeft an evident advantage, it being much eafier to bring fix ounces of a liquor . 1 to an uniform temperature than fo many gallons. One of our moft eflential inftruments, namely* the balance, was fo much fuperior in nicety to any thing that could be wanted in thefe experiments, that error in weighing muft be thrown entirely out of the queftion. It was conftru&ed by Mr. Ramsden; and fome account, though very imperfeft, of its admirable mechanifm, as well as of its extreme fenfibility, even when 3 loaded an Spirituous Liquors.
